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Abstract
Background: A school-based survey was undertaken to assess prevalence and infection intensity of schistosomiasis
in school-aged children in the Marolambo District of Madagascar.
Methods: School-aged children from six purposively selected schools were tested for Schistosoma haematobium by
urine filtration and Schistosoma mansoni using circulating cathodic antigen (CCA) and Kato-Katz stool analysis. The
investigators did not address soil-transmitted helminths (STH) in this study.
Results: Of 399 school-aged children screened, 93.7% were infected with S. mansoni based on CCA analysis.
Kato-Katz analysis of stool revealed S. mansoni infection in 73.6% (215/ 292). Heavy infections (> 400 eggs per
gram) were common (32.1%; 69/ 215), with a mean of 482 eggs per gram of stool. Moderate infection
intensities were detected in 31.2% (67/ 215) and light infection intensities in 36.7% (79/ 215) of infected
participants. No infection with S. haematobium was detected by urine filtration.
Conclusions: Intestinal schistosomiasis appears a considerable public health issue in this remote area of
Madagascar where there is a pressing need for mass drug administration.
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Background
Schistosomiasis is common in sub-Saharan Africa and is
known to be widespread in Madagascar where there is a
substantial burden of disease [1, 2]. There are two en-
demic species of Schistosoma, with a geographical distri-
bution tracking the underlying range of their permissive
snail hosts [3, 4]. Schistosoma mansoni causes intestinal
schistosomiasis and is found in eastern and southern
areas of Madagascar while S. haematobium, which
causes urogenital schistosomiasis, is present in northern
and western locations, with areas of co-endemicity in
four regions in north-central and south-western parts of
the country [5, 6]. National schistosomiasis mapping led
by the Madagascar Ministry of Health demonstrated that
107 of 114 districts in Madagascar are endemic with
schistosomiasis [6].
Schistosomiasis frequently leads to nonspecific effects
such as anaemia, undernutrition, decreased physical fit-
ness, impaired cognition and quality of life [7–10]; meas-
uring these is crucial in monitoring disease morbidity
[11]. Schistosoma mansoni in particular results in intes-
tinal and hepatosplenic disease causing abdominal pain,
blood in stool, reduced appetite and diarrhoea [12, 13].
In chronic disease states, hepatic fibrosis can develop 5–
15 years after initial infection, though earlier cases have
been documented in preschool children [14, 15]. This
may lead to portal hypertension which can precede
hepatosplenomegaly, ascites and gastro-oesophageal
bleeds that can be fatal if bleeding is uncontrolled [16].
In areas with intermittent access to treatment, such as
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Madagascar, re-infection occurs rapidly and results in
chronic schistosomiasis.
Schistosoma haematobium causes urogenital schisto-
somiasis, which often presents with haematuria. Other
presenting symptoms may include urinary frequency and
dysuria. Chronic infection results in fibrosis or calcifica-
tion of the bladder, which may cause obstruction of the
urinary tract leading to hydroureter or hydronephrosis.
Treatment can cure bladder lesions and obstructive dis-
ease; however, without treatment chronic urinary schis-
tosomiasis is associated with development of squamous
cell carcinoma of the bladder. Female genital schistosom-
iasis (FGS) is a result of S. haematobium causing localised
inflammation in the female genital tract. Symptoms may
include dyspareunia, stress incontinence and infertility.
Sandy patches in the lower genital tract are pathogno-
monic and are seen in association with altered vasculature.
Subsequent contact bleeding increases susceptibility to
HIV transmission in women with FGS [11, 17].
Preventative chemotherapy (PC) is an important public
health measure entailing the delivery of medications to en-
demic populations to reduce morbidity and transmission
rates of human helminth infections. Current schistosom-
iasis control activities focus on PC in the form of mass
drug administration (MDA) with praziquantel (PZQ).
Where the prevalence of infected school-aged children
(SAC) is greater than 50%, the World Health Organization
(WHO) recommends annual treatment to both SAC and
adults in high risk communities. In moderate risk areas,
where the prevalence amongst SAC is between 10 and
50%, MDA should be targeted towards all SAC every two
years as well as to adults considered to have a higher risk
of infection (such as fishermen, farmers and irrigation
workers) and to pregnant or lactating women. SAC who
live in regions with <10% prevalence should be treated
twice during their primary schooling age [18, 19]. Using
PC, the aim is control or elimination of schistosomiasis, as
well as other neglected tropical diseases (NTDs) such as
soil-transmitted helminthiasis (STH), onchocerciasis and
lymphatic filariasis [20, 21].
There are Ministry of Health (MOH)-led NTD control
programmes in 36 out of 107 affected districts in
Madagascar [20]. Prohibitive costs and logistical difficul-
ties prevent access to some districts. In more remote
areas the majority of roads and tracks are often unusable
during wet seasons and travel between villages is limited
to foot or boat [22]. In 2015 only 1.7 million (43.6%) of
the 3.8 million target population (SAC) in Madagascar
received PZQ [23]. In a recent WHO publication, the
coverage of PC to SAC for the African region was re-
ported to be 41.2%, and the MOH-led PC in Madagascar
is therefore above the regional average [24]. However,
the annual need for PC varies between districts accord-
ing to their prevalence, therefore a national approach
should be guided by the differing needs for PC through-
out the country. A recent paper reported on very high
prevalence rates and infection intensities of both uro-
genital and intestinal schistosomiasis in areas of western
Madagascar left untreated for over five years [25], indi-
cating the need for urgent up-scaling of national control
initiatives to 100% of the districts requiring PZQ. There
have also been detailed publications on high schistosom-
iasis prevalence rates from the central highlands and
western Madagascar [4, 26, 27].
The aim of this study was to investigate the pres-
ence, prevalence rates and infection intensities of S.
haematobium and S. mansoni among SAC in the East
of Madagascar. Here we report on a cross-sectional
survey in six villages within the Marolambo District
of the Atsinanana Region. This information highlights
high-risk transmission areas in which communities re-
quire urgent control initiatives and provides the base-
line information that is necessary to monitor the
impact of intervention programmes.
Methods
Study area and population
This work was conducted during June-July 2015 in col-
laboration with the MOH, Antananarivo, Madagascar.
Six villages in the Marolambo District were selected due
to their accessibility and their community links with our
collaborators, Durrell Wildlife Conservation Trust and
MOH staff. These villages lie next to the Nosivolo River
(Fig. 1), their main water source, and had not received
MDA since 2008.
Study design
Children aged 5–14 were selected from schools in six
villages. Urine samples were obtained from 399 children
and faecal samples from 292 children, which was the
maximum number of children we could test within our
fieldwork timeframe. Using school registers provided by
the headteachers, an equal number of boys and girls were
selected at random from each year group. This ensured an
even spread in age range throughout the sample frame and
equal gender representation. The numbers of valid urine
and faecal samples obtained from each village were: Am-
pasimbola (67 urine samples; 62 faecal samples), Ambohi-
telo (68; 69), Marofatsy (60; 57), Marolambo (84; 0),
Vohidamba (59; 53) and Betampona (61; 51).
Parasitology methods
The day before screening all children were provided with
a single stool sample container and assigned an identifi-
cation number, which was recorded with their age and
gender. Researchers instructed study participants on
how to collect their morning stool. The next day, sam-
ples were collected by researchers. At 10 am, children
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were provided with a single urine sample container la-
belled with the same identification number and were
instructed to collect a mid-stream urine sample. Chil-
dren returned samples promptly before 12 pm midday.
Stool and urine samples were brought to the field la-
boratory and processed by researchers on the same day.
For the detection of S. mansoni, a urine-cassette assay
was used to detect circulating cathodic antigen (CCA;
Rapid Medical Diagnostics Tests, Pretoria, South Africa).
Technicians were trained in Antananarivo in the use of
CCA tests following manufacturer’s instructions and all
results were verified by at least two technicians to ensure
homogeneity. CCA test band reaction intensity was re-
corded as negative (−), trace positive (tr), single positive
(+), double positive (++), or triple positive (+++) in line
with previous studies [28]. Results were analysed in a
binary fashion as negative or positive (including all posi-
tive recordings: tr; +; ++; +++). Urine samples were only
included in the study when they were of sufficient quan-
tity to assess using CCA.
To assess S. mansoni infection intensity, a single Kato-
Katz thick smear containing 41.7 mg of faeces was pre-
pared from each sample (Kato-Katz kit, Vestergaard-
Frandsen, Lausanne, Switzerland). Slides were examined
for S. mansoni eggs and any present were counted. This
value was used to calculate the total number of eggs per
gram (epg). Intensity of infection was classified by epg as
light (1–99 epg), moderate (100–399 epg) or heavy (≥
400 epg) [18]. Stool samples were only eligible for inclu-
sion when they were of sufficient size to prepare a single
thick smear.
For the detection of S. haematobium, urine samples
were first tested for microhaematuria using urine-
reagent strips, then 10 ml of each sample was filtered
using a 12-μm polycarbonate filter (Sterlitech Corpor-
ation, Kent, USA) and examined using light microscopy
to look for eggs. Only urine samples of at least 10 ml in
volume were included in the study.
Slides were prepared and examined in the field. This
was carried out by the four UK-based team members
Fig. 1 Sketch map of Marolambo showing locations of the villages screened alongside the Nosivolo River. Prevalence rates according to the CCA
and Kato-Katz diagnostic tests are labelled alongside each village
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(three medical students and one medical doctor) follow-
ing training from the University of Manchester Immun-
ology Department and the Liverpool School of Tropical
Medicine. For both S. mansoni and S. haematobium,
every tenth slide was re-examined by a second team
member and if a difference was identified a consensus
reached. The investigators did not address STH in this
study.
Statistical analyses
Results were recorded on paper in the field and later en-
tered into Microsoft Excel (Redmond, WA, US). Statis-
tical analysis was performed on Stata 13 (Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP).
Bivariate analysis was performed to explore CCA re-
sults and infection intensity with age, controlling for
gender and village. The odds ratio, 95% confidence inter-
val (CI) and P were calculated for each model.
CCA results were compared to age using binary logis-
tic regression. Intensity of infection according to epg
(negative: 0, trace and single positive: 1, double positive:
2 and triple positive: 3) was simplified into 3 binary
scales with outcomes of < 0, < 1, and < 2 and a pooled
odds ratio for age calculated using ordinal logistic re-
gression. Results were considered significant if P < 0.05.
Due to the highly skewed distribution of epg, a Spear-
man’s rank correlation was used to test associations be-
tween age and infection intensity.
Consent and permissions
National and local health, educational and administrative
authorities were comprehensively informed of the study.
Before the start of the study in each village, open public
meetings were carried out in the Malagasy language
followed by question and answer sessions with the inves-
tigators. Participation information sheets and consent
forms were translated into Malagasy detailing all aspects
of the methodology and read to each participant in private
by head-teachers, local health workers, and Malagasy in-
vestigators. The children then had the option to stamp
with their fingerprint to consent to the study. It was ex-
plained that any child had the chance to withdraw from
the study at any point, without any consequence.
Results
In total 399 children aged 5–14 were sampled. Of faecal
samples, 215/292 (73.6%) were positive for S. mansoni
by Kato-Katz analysis (Table 1). Light infection intensity
was observed in 79/215 (36.7%) of infected participants,
moderate intensity in 67/215 (31.2%) and heavy intensity
in 69/215 (32.1%). Mean infection intensity across the
study cohort was 482 epg (range 24–4104 epg), with no
significant variation between genders. There was a non-
significant variation in prevalence by village (Fig. 1).
There was a positive correlation between S. mansoni epg
and age (Spearman’s rank correlation coefficient 0.21;
P < 0.05; Fig. 2), with an odds ratio of 1.18 for higher
epg with age (95% CI: 1.11–1.26). Multivariable analysis
adjusted for village and gender is shown in Table 2. No
data were recorded for quality control.
CCA analysis of the urine samples for S. mansoni re-
vealed a positive rate of 374/399 (93.7%). Of all positive
samples, trace and single positive graded infections were
found in 115/374 (31%), double positive in 128/374
(34%) and triple positive in 131/374 (35%). Analysis
showed a positive correlation between CCA grading
Table 1 Characteristics and results of study by age
Study characteristic Age (yrs)
5–6 7–8 9–10 11–12 13–14
Number of participants 64 85 85 79 83
Percentage female 53.13 51.76 50.59 51.90 46.99
Schistosomiasis prevalence (%) Kato-Katz 76.56 80.00 87.06 82.28 84.34
CCA 85.94 91.76 98.82 97.47 97.59
Sm + mean intensity (epg) with ranges 138.5
(24–744)
394
(24–3480)
528.9
(24–2616)
434.7
(24–3840)
732.3
(24–4104)
Sm + mean intensity (epg) per village Ampasimbola 108 516 473.5 757.3 1095.3
Ambohitelo 256 160 387.4 460.4 495
Marofatsy 96 664 192 693 656
Vohidamba 72 223.2 402.7 929 604.4
Betampona 144 487 691 384 366
Sm + mean intensity (epg) per gender Male 136 392.64 411.72 754.32 502.56
Female 147.6 362.64 498.32 850.08 732.8
Abbreviations: CCA circulating cathodic antigen, epg eggs per gram, Kato-Katz microscopy using the Kato-Katz technique
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of infection and age (binary regression model,
P < 0.05), with a pooled odds ratio of 1.26 for higher
CCA grading with age (95% CI: 1.07–1.48), adjusted
for site and gender.
With regards to urinary schistosomiasis, 399 urine
samples were analysed. There were 13/399 (3.2%) sam-
ples positive for microhaematuria and of these, all were
negative for S. haematobium eggs.
Discussion
This cross-sectional study demonstrates an alarmingly
high endemicity of S. mansoni infection in the Maro-
lambo District. Schistosoma mansoni eggs were detected
in faecal samples from 73.6% of children and 93.7% of
children had positive CCA tests. This high prevalence
could be explained by the lack of PC in these communi-
ties since 2008. We found that age had a strong positive
correlation with both prevalence and infection intensity
as demonstrated by both Kato-Katz and CCA. There
were no differences in either prevalence or infection in-
tensity between villages or genders.
As expected from its known distribution, S. haemato-
bium was not endemic. Although 13 samples (3.2%)
were positive for microhaematuria, urine filtration of
these samples revealed no infection with S. haemato-
bium. Microhaematuria may be attributed to a number
of alternative possible causes such as bacterial infection
of the urinary tract and inflammation, renal disease, ex-
ercise, trauma and menses.
The discrepancy in detection rates of S. mansoni be-
tween Kato-Katz and CCA seen here is well recognised;
sensitivity of single smears of Kato-Katz is lower than
that of CCA analysis. The low sensitivity associated with
Kato-Katz may be due to variations in the distribution of
schistosome eggs between stool samples and there may
be reduced detection rates in either light or recently ac-
quired infections [29–31]. One study limitation is that
single smears were taken for Kato-Katz analysis and it is
possible that low intensity infections were not identified,
though these are likely to have been picked up by CCA.
The high prevalence values seen in Marolambo are
comparable to other focal prevalence surveys in
Tanzania (64.3%) [16], Western Kenya (60.5%) [32] and
the Democratic Republic of the Congo (82.7%) [33]. Pre-
viously, similar remote-area expeditions have been car-
ried out in Madagascar by Howarth et al. [26] who
found an overall prevalence of 69% of S. haematobium
infection across two schools in the Ankilivalo District of
Western Madagascar. They found a marked increase in
prevalence from 13% in 1971 to 74% in 1988 in one
school where there had been the introduction of a new
irrigation system [26]. More recently, a survey was
Fig. 2 Schistosomiasis infection rates against the age groups tested
in this study. This figure demonstrates the increasing parasite load
with age (Spearman’s rank correlation coefficient 0.21, P < 0.05)
Table 2 Multivariable analysis of schistosomiasis prevalence and intensity of infection against age, adjusted for gender and location.
Odds ratio represents the increase for each year
Odds ratio 95% CI P Adj. odds
ratioa
95% CI P
EPG 1.18b (1.11–1.26) < 0.0005 1.18b (1.11–1.26) < 0.0005
CCA 1.27c (1.09–1.49) 0.003 1.26c (1.07–1.48) 0.005
Abbreviations: CCA circulating cathodic antigen, EPG eggs per gram
aOdd ratio adjusted for sex and site
bPooled odds ratio from an ordinal logistic regression of 3 binary outcomes (> 0, > low, > moderate)
cOdds ratio from a binary logistic regression
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carried out in 2015 across randomly selected sites un-
treated for at least five years in western Madagascar.
The study revealed S. haematobium infection prevalence
rates higher than 90% in some locations, and higher than
80% prevalence of S. mansoni infection in one location
(Mitia-Est) [25]. Other recent studies in central
Madagascar in the Amoron’i Mania region have found S.
mansoni infection rates of 77.1% in schools in the
Ampasina village, Ambositra [27] and 68.3% in the Teti-
kanana village, Ambatofinandrahana [34]. Our results
from SAC in Marolambo demonstrate that schistosomia-
sis is hyperendemic in another untreated population in
Madagascar and provides evidence for the need to include
Marolambo in the national NTD programme for PC.
The extremely high prevalence rates found in our study
may explain the non-significant differences between vil-
lages. Small variations could represent access to adequate
water, sanitation and hygiene (WASH) facilities in schools,
as well as social and cultural sanitation and hygiene prac-
tices [25, 35]. Limited access to WASH facilities have been
revealed in western Madagascar (75% of schools had a
WASH score < 3); while no significant correlations were
found between WASH status and schistosomiasis preva-
lence or intensity, this may be due to an overall poor de-
gree of adequate WASH facilities [25].
In our study, whilst there was no significant difference
between sexes, prevalence and infection intensity in-
creased with age with both Kato-Katz and CCA, in keep-
ing with the literature [36]. This is unsurprising given
the absence of treatment with PZQ since 2008. By
downwardly extrapolating from the odds ratio of epg
values and CCA prevalence, pre-school ages (less than five
years of age) are also likely to have schistosomiasis, with
moderate intensities expected to be seen in three and four
year olds and low intensity infections in approximately
50% of two year olds. This indicates that testing and treat-
ing pre-school children should be considered in Maro-
lambo [14]. When made palatable for very young children,
PZQ has been shown to be safe, well tolerated and effect-
ive [37]. However, the WHO currently advises against
MDA treatment pre-school children due to the lack of
paediatric PZQ formulations. Pre-school children should
instead be treated on an individual basis by child-health
services, where their weight can be monitored and nutri-
ent supplements provided [21, 38].
Heavy infection intensities, determined by epg values
exceeding 400, were common in the study population.
Children with higher S. mansoni egg counts suffer from
a higher burden of disease, evidenced by presence of fae-
cal occult blood, faecal calprotectin, worsening degrees
of anaemia, fitness levels, growth rates and liver fibrosis
[8–12, 14, 39, 40].
Schistosomiasis associated morbidity and mortality
can be improved by implementing WHO guidance with
regular MDA [21]. Whilst PC is vital to control morbid-
ity, adjunctive approaches should be considered to re-
duce the prevalence of heavy infection intensities found
in Marolambo. These approaches should include health
education and encouragement of behavioural change,
the provision of safe water, sanitation and hygiene, and
snail control strategies [18].
The project had some limitations. Due to time con-
straints we were unable to screen for presence of soil-
transmitted helminths. Owing to errors with staining we
were unable to analyse faecal samples from one school
in Marolambo, so these samples could not be included
in our study. The study sites (schools) were purposively
selected due to the logistics of reaching each school,
proximity to the Nosivolo River and the fact that the dis-
ease had not been studied here before or the population
treated since 2008. Although our results demonstrate
high endemicity amongst these sites they do not repre-
sent the entire Marolambo district.
Non-school-attending SAC were not included in this
study. Some studies have shown that non-attenders have
similar or sometimes higher prevalence rates of infection
when compared to attending school children, and higher
infection intensities have been associated with poor at-
tendance rates [25, 41–45]. Although current WHO guid-
ance suggests MDA based in schools as the optimal
delivery location to treat SAC, efforts should also be made
to treat those who are not enrolled in schools [21, 46].
Conclusions
Intestinal schistosomiasis is hyperendemic among SAC
in the remote Marolambo district of Madagascar where
it is likely to have a considerable public health impact.
Prevalence rates of greater than 50% were found in each
village highlighting the vital need for annual PZQ treat-
ment in accordance with WHO guidelines. These results
have been shared with the Madagascar MOH to guide
the national MOH-led NTD-programme. In addition to
PC, improving health education, as well as access to safe
water, sanitation and hygiene would be suitable comple-
mentary measures to reduce the prevalence and burden
of schistosomiasis.
Abbreviations
CCA: Circulating cathodic antigen; EPG: Eggs per gram; MDA: Mass drug
administration; MOH: Ministry of Health; PC: Preventative chemotherapy;
PZQ: Praziquantel; SAC: School-aged children; WHO: World Health Organization
Acknowledgements
The Madagascar Medical Expedition (MADEX) 2015 team would like to thank
the following people and organisations: Professor Tony Freemont, Professor
Chris Roberts, Professor Andrew MacDonald, Dr. Sheena Cruikshank (University of
Manchester); Dr. Jane Wilson-Howarth; Jayne Jones; Herizo Andrianandrasana
and The Durrell Wildlife Conservation Trust; Dr. Peter Long (University of Oxford);
Professor Luc Samison (University of Antananarivo); World Health Organization;
East Lancashire Hospitals NHS Trust. Thank you to the children and families that
participated in the study.
Spencer et al. Parasites & Vectors  (2017) 10:307 Page 6 of 8
Funding
This work was supported by the Zochonis Enterprise Award, British Medical
and Dental Schools’ Trust, and the University of Manchester Medical School.
Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author on reasonable request.
Authors’ contributions
SAS conceived the study with the help of AMR. SAS, HJR, JMStJP, and APH
designed the study protocol. AMR and SAS organised in-country work permits.
SAS, HJR, JMStJP, APH, ALDR and ANM carried out Kato-Katz, CCA and urine
filtration testing. HJR and CL carried out the data analysis, and with SAS, ALB,
JRS and SBS, the interpretation of these data. SAS drafted the manuscript.
All authors critically revised the manuscript for intellectual content; all authors
contributed towards, read and approved the final manuscript. SAS is the
guarantor of the paper.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The University of Manchester Research Ethics Committee (UREC5) approved
the project and the reference number is #14014. Research permits were
granted by the MOH, Madagascar. All participants gave their consent to the
study.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1Royal United Hospitals Bath NHS Foundation Trust, Bath, UK. 2The University
of Manchester Medical School, Manchester, UK. 3Université d’Antananarivo,
Antananarivo, Madagascar. 4Liverpool School of Tropical Medicine, Liverpool,
UK. 5London School of Hygiene & Tropical Medicine, London, UK. 6Ministère
de la Santé Publique, Antananarivo, Madagascar.
Received: 21 March 2017 Accepted: 15 June 2017
References
1. Chitsulo L, Engels D, Montresor A, Savioli L. The global status of schistosomiasis
and its control. Acta Trop. 2000;77(1):41–51.
2. WHO. Schistosomiasis: population requiring preventive chemotherapy and
number of people treated in 2010. Wkly Epidemiol Rec. 2012;87(4):37–44.
3. Stothard JR, Webster BL, Weber T, Nyakaana S, Webster JP, Kazibwe F, et al.
Molecular epidemiology of Schistosoma mansoni in Uganda: DNA barcoding
reveals substantive genetic diversity within Lake Albert and Lake Victoria
populations. Parasitology. 2009;136:1813–24.
4. Ollivier G, Brutus L, Cot M. Intestinal schistosomiasis from Schistosoma
mansoni in Madagascar: extent and center of the endemic. Bul Soc Pathol
Exot. 1999;92(2):99–103.
5. Doumenge J, Mott KE, Cheung C, Villenave D, Chapuis O, Perrin MF, et al.
Atlas de la Répartition Mondiale des Schistosomiases/atlas of the global
distribution of Schistosomiasis. CRGET-CNRS, Talence; OMS/WHO, Genève:
Talence: Presses Universitaires de Bordeaux; 1987. p. 400.
6. Ministère de la Santé Publique de Madagascar. Cartographie des Maladies
Tropicales negligees a Chimiotherapie preventive Schistosomiasis-geo
Helminthiases-Filariose Lymphatique. Ministère de la Santé Publique de
Madagascar: Antananarivo; 2016.
7. King CH, Dangerfield-Cha M. The unacknowledged impact of chronic
schistosomiasis. Chronic Illn. 2008;4(1):65–79.
8. Friedman JF, Kanzaria HK, Acosta LP, Langdon GC, Manalo DL, Wu H, et al.
Relationship between Schistosoma japonicum and nutritional status among
children and young adults in Leyte, the Philippines. Am J Trop Med Hyg.
2005;72(5):527–33.
9. Bustinduy AL, Thomas CL, Fiutem JJ, Parraga IM, Mungai PL, Muchiri EM, et al.
Measuring fitness of Kenyan children with polyparasitic infections using the 20-
meter shuttle run test as a morbidity metric. PLoS Negl Trop Dis. 2011;5(7):e1213.
10. Friedman JF, Kanzaria HK, McGarvey ST. Human schistosomiasis and anemia:
the relationship and potential mechanisms. Trends Parasitol. 2005;21(8):386–92.
11. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet.
2014;383(9936):2253–64.
12. Bustinduy AL, Sousa-Figueiredo JC, Adriko M, Betson M, Fenwick A, Kabatereine
N, et al. Fecal occult blood and fecal calprotectin as point-of-care markers of
intestinal morbidity in Ugandan children with Schistosoma mansoni infection.
PLoS Negl Trop Dis. 2013;7(11):e2542.
13. Mohamed AR, Karawi M, Yasawy MI, et al. Schistosomal colonic disease. Gut.
1990;31(4):439–42.
14. Gryseels B. Morbidity due to infection with Schistosoma mansoni: an update.
Trop Geogr Med. 1992;44(3):189–200.
15. Doehring-Schwerdtfeger E, Abdel-Rahim IM, Mohamed-Ali Q, Elsheikh M,
Schlake J, Kardorff R, et al. Ultrasonographical investigation of periportal
fibrosis in children with Schistosoma mansoni infection: evaluation of morbidity.
Am J Trop Med Hyg. 1990;42(6):581–6.
16. Mazigo HD, Waihenya R, Lwambo NJS, Mnyone LL, Mahande AM, Seni J, et
al. Co-infections with plasmodium falciparum, Schistosoma mansoni and
intestinal helminths among schoolchildren in endemic areas of northwestern
Tanzania. Parasit Vectors. 2010;3:44.
17. Gryseels B, Polman K, Clerinx J, Kestens L. Human schistosomiasis. Lancet.
2006;368(9541):1106–18.
18. WHO. Schistosomiasis: progress report 2001–2011, strategic plan 2012–2020.
Geneva, Switzerland: World Health Organization Press; 2013.
19. WHO. Accelerating work to overcome the global impact of neglected tropical
disease. A roadmap for implementation. Geneva, Switzerland: World Health
Organization Press; 2012.
20. Ministère de la Santé Publique de Madagascar. Direction des Urgences et
de Lutte contre les Maladies Endémiques et Négligées: Plan Directeur de
Lutte contre les Maladies Tropicales Négligées. Ministère de la Santé
Publique de Madagascar: Antananarivo; 2014. p. 87.
21. WHO. Preventive chemotherapy in human helminthiasis: coordinated use of
anthelminthic drugs in control interventions: a manual for health professionals
and programme managers. Geneva: World Health Organization Press; 2006.
22. Minten B. Infastructure, market access and agriculture prices: evidence from
Madagascar. Washington: IFPRI (international food policy Research institute)
1999, MSD Discussion Paper 26.
23. WHO. Schistosomiasis PCT databank. http://www.who.int/neglected_
diseases/preventive_chemotherapy/sch/db/?units=minimal&region=
all&country=mdg&countries=mdg&year=2015.
24. WHO. Schistosomiasis and soil-transmitted helminthiases: number of people
treated in 2015. Wkly Epidemiol Rec. 2016;91(49/50):85–600.
25. Rasoamanamihaja CF, Rahetilahy AM, Ranjatoarivony B, Dhanani N, Andriamaro
L, Andrianarisoa SH, et al. Baseline prevalence and intensity of schistosomiasis
at sentinel sites in Madagascar: informing a national control strategy. Parasit
Vectors. 2016;9:50.
26. Howarth SE, Wilson JM, Ranaivoson E, Crook SE, Denning AM, Hutchings
MS. Worms, wells and water in western Madagascar. J Trop Med Hyg. 1988;
91(5):255–64.
27. Schwarz NGRR, Heriniaina JN, Randriamampionona N, Hahn A, Hogan B,
Frickmann H, et al. Schistosoma mansoni In schoolchildren in a Madagascan
highland school assessed by PCR and sedimentation microscopy and Bayesian
estimation of sensitivities and specificities. Acta Trop. 2014;134:89–94.
28. Stothard JR, Kabatereine NB, Tukahebwa EM, Kazibwe F, Rollinson D, Mathieson
W, et al. Use of circulating cathodic antigen (CCA) dipsticks for detection of
intestinal and urinary schistosomiasis. Acta Trop. 2006;97(2):219–28.
29. Standley C, Lwambo N, Lange C, Kariuki H, Adriko M, Stothard J.
Performance of circulating cathodic antigen (CCA) urine-dipsticks for rapid
detection of intestinal schistosomiasis in schoolchildren from shoreline
communities of Lake Victoria. Parasit Vectors. 2010;3(1):7.
30. Sousa-Figueiredo JC, Betson M, Kabatereine NB, Stothard JR. The urine
circulating cathodic antigen (CCA) dipstick: a valid substitute for microscopy
for mapping and point-of-care diagnosis of intestinal schistosomiasis. PLoS
Negl Trop Dis. 2013;7(1):e2008.
31. Dawson EM, Sousa-Figueiredo JC, Kabatereine NB, Doenhoff MJ, Stothard JR.
Intestinal schistosomiasis in pre school-aged children of Lake Albert, Uganda:
diagnostic accuracy of a rapid test for detection of anti-schistosome
antibodies. Trans R Soc Trop Med Hyg. 2013;107(10):639–47.
Spencer et al. Parasites & Vectors  (2017) 10:307 Page 7 of 8
32. Odiere MR, Rawago FO, Ombok M, Secor WE, Karanja DM, Mwinzi PN, et al.
High prevalence of schistosomiasis in Mbita and its adjacent islands of Lake
Victoria, western Kenya. Parasit Vectors. 2012;5:278.
33. Linsuke S, Nundu S, Mupoyi S, Mukele R, Mukunda F, Kabongo MM, et al.
High prevalence of Schistosoma mansoni in six health areas of Kasansa
health zone, Democratic Republic of the Congo: short report. PLoS Negl
Trop Dis. 2014;8(12):e3387.
34. Hoffmann H, Esterre P, Ravaoalimalala VA, Ehrich JH, Doehring E. Morbidity
of schistosomiasis mansoni in the highlands of Madagascar and comparison
of current sonographical classification systems. Trans R Soc Trop Med Hyg.
2001;95(6):623–9.
35. Grimes JE, Croll D, Harrison WE, Utzinger J, Freeman MC, Templeton MR.
The relationship between water, sanitation and schistosomiasis: a systematic
review and meta-analysis. PLoS Negl Trop Dis. 2014;8(12):e3296.
36. Raso G, Vounatsou P, McManus DP, N'Goran EK, Utzinger J. A Bayesian
approach to estimate the age-specific prevalence of Schistosoma mansoni
and implications for schistosomiasis control. Int J Parasitol. 2007;37(13):
1491–500.
37. Stothard JR, Sousa-Figueiredo JC, Betson M, Bustinduy A, Reinhard-Rupp J.
Schistosomiasis in African infants and preschool children: let them now be
treated! Trends Parasitol. 2013;29(4):197–205.
38. Anderson RM, Turner HC, Farrell SH, Yang J, Truscott JE. What is required in
terms of mass drug administration to interrupt the transmission of schistosome
parasites in regions of endemic infection? Parasit Vectors. 2015;8:553.
39. Sturrock RF, Kariuki HC, Thiongo FW, Gachare JW, Omondi BG, Ouma JH, et
al. Schistosomiasis mansoni in Kenya: relationship between infection and
anaemia in schoolchildren at the community level. Trans R Soc Trop Med
Hyg. 1996;90(1):48–54.
40. Stephenson L. The impact of schistosomiasis on human nutrition. Parasitology.
1993;107(Suppl):S107–23.
41. Useh MF, Ejezie GC. School-based schistosomiasis control programmes: a
comparative study on the prevalence and intensity of urinary schistosomiasis
among Nigerian school-age children in and out of school. Trans R Soc Trop
Med Hyg. 1999;93(4):387–91.
42. Mekheimar SI, Talaat M. School non-enrollment and its relation with health
and schistosomiasis knowledge, attitudes and practices in rural Egypt. East
Mediterr Health J. 2005;11(3):392–401.
43. Olsen A. The proportion of helminth infections in a community in western
Kenya which would be treated by mass chemotherapy of schoolchildren.
Trans R Soc Trop Med Hyg. 1998;92(2):144–8.
44. Carabin H, Chan MS, Guyatt HL. A population dynamic approach to
evaluating the impact of school attendance on the unit cost and
effectiveness of school-based schistosomiasis chemotherapy programmes.
Parasitology. 2000;121(Pt 2):171–83.
45. de Clercq D, Sacko M, Behnke J, Gilbert F, Vercruysse J. The relationship
between Schistosoma haematobium infection and school performance and
attendance in Bamako, Mali. Ann Trop Med Parasitol. 1998;92(8):851–8.
46. WHO. Helminth control in school-age children. A guide for managers of
control programmes. Second ed. Geneva, Switzerland: World Health
Organization Press; 2011.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Spencer et al. Parasites & Vectors  (2017) 10:307 Page 8 of 8
